In this study, the electronic and local structures of Pb 1Àx Ba x Zr 0.40 Ti 0.60 O 3 ferroelectric ceramic samples were characterized using X-ray absorption near-edge structure (XANES) measurements. The analysis of XANES spectra collected at the Ti K-and L-edges showed that the substitution of Pb by Ba leads to a decrease in the local distortion around the Ti atoms in the TiO 6 octahedron. The analysis of O K-edge XANES spectra and density of states ab initio calculations showed that the hybridization between the O 2p and Pb 6sp states is related to the displacement of Ti atoms in the TiO 6 octahedra. Based on these results, it is possible to determine that the degree of ferroelectricity in these samples and the manifestation of relaxor behavior are directly related to the weakening of O 2p and Pb 6sp hybridization.
Introduction
Lead zirconate titanate (PbZr 1Ày Ti y O 3 , also referred to as PZT) ceramic systems have been extensively studied due to their unique properties, which permit a wide variety of applications such as in piezoelectric, pyroelectric and ferroelectric devices [1] [2] [3] [4] . The PZT system exhibits a cubic structure at higher temperatures and three different structures at room temperature depending on the composition: tetragonal, orthorhombic or rhombohedral. According to the proposed phase diagram [5] , at the titanium-rich side of the phase diagram, all compositions are tetragonal with P4mm symmetry. On the other hand, depending on x and the temperature, two rhombohedral phases, R3m, often referred to as FR(HT), and R3c, referred to as FR(LT), are known to occur in Zr-rich PZT ceramics [6] . The region between the tetragonal and rhombohedral phases (y $ 0.50) is called the morphotropic phase boundary (MPB) and is characterized by the presence of these two phases and monoclinic symmetry with the Cm space group, which is a subgroup of the P4mm and R3m space groups [7] . More recently, Glazer et al. performed neutron diffraction measurements; their analysis allowed for the elaboration of a new phase diagram with mixtures of rhombohedral and monoclinic symmetries on the Zr-rich side, tetragonal and monoclinic on the Ti-rich side, and three phases coexisting in the MPB region [8] . For all values of y, the PZT system exhibits long-range ferroelectric order, micrometer domain and/or domain wall structures, and does not show any frequency dispersion (relaxational effect) in the audio frequency range [9] .
However, pure PZT ceramic materials are rarely applied in electronic devices, and a doping process is used to enhance the properties of this class of material [5, 10] . For this purpose, La 3+ cations have been used to replace the Pb 2+ cations, forming a Pb 1Àx La x Zr 1Ày Ti y O 3 (PLZT) system. It is well known that this substitution induces a peculiar diffuse phase transition with frequency dispersion. It is widely believed that both the La 3+ aliovalent ions and/or oxygen vacancies (necessary to preserve charge neutrality) break the translational symmetry of the lattice and represent a type of disorder responsible for the formation of polar nanodomains and, consequently, the relaxor feature [9] .
Another doping method has also been used to enhance the properties of the PZT ceramic system: the substitution of Pb 2+ by Ba 2+ cations, forming the Pb 1Àx Ba x Zr 1Ày Ti y O 3 system. Since the publication of the phase diagram [11] , several studies have been performed on this system due to its rich variety of interesting physical properties of both technological and fundamental importance [12] [13] [14] [15] [16] . In these papers, it has been reported that certain PBZT compositions present the characteristics of typical relaxor ferroelectrics [9, 16] . Moreover, relaxor behavior was observed in our previous study concerning the Pb 1Àx Ba x Zr 0.40 Ti 0.60 O 3 system with x = 0.50 [17] . With a Zr/Ti ratio of 65/35, relaxor behavior is observed for 40 at.% of Ba, a higher amount compared to the amount of La in a PLZT system with the same Zr/Ti ratio ($8 at.% of La) which exhibits this behavior [9, 18] . This difference between systems is not completely understood, although it is related to the fact that Ba substitution does not create vacancies because of its isovalent incorporation. Therefore, the appearance of relaxor behavior in the PBZT system could be related to defects in the structure caused by the difference between Pb and Ba ions [9] .
The results of X-ray diffraction (XRD) in different relaxor materials with a perovskite structure have shown, in most cases, the existence of a cubic structure both above and below the temperature of maximum dielectric permittivity (T m ) [19] . From the standpoint of local order, the use of different techniques for structural characterization such as XAS and Raman spectroscopy has shown the existence of a certain degree of disorder both above and below T m . This degree of disorder is not compatible with a local structure with cubic symmetry as detected by XRD measurements [20] [21] [22] . Furthermore, it has been shown that the analysis of XAS measurements of elements with lower energy edges or low atomic number can provide information concerning the local order and electronic structure of different materials, which can be important for elucidating aspects about ferroelectricity [23] [24] [25] [26] [27] .
The purpose of this study was to verify the role of the substitution of Pb 2+ by Ba 2+ ions in the local structure of the Pb 1Àx Ba x Zr 0.40 Ti 0.60 O 3 ferroelectric material. This Zr/Ti ratio was chosen because of the absence of studies in the literature describing the structure of a PBZT system with a Ti-rich composition. A correlation between the relaxor behavior observed in some Ba compositions and X-ray absorption near edge structure (XANES) measurements at the Ti K-and L II,III -edges and the O K-edge is presented.
Experimental procedures
PBZT samples, of the nominal composition Pb 1Àx Ba x Zr 0.40 Ti 0.60 O 3 (denoted as PBZT100x) with x = 0.00 (PZT), 0.10, 0.20, 0.30, 0.35, 0.40 and 0.50 at.%, were prepared by the conventional mixed oxide method. The oxides PbO, BaO, ZrO 2 and TiO 2 , weighed according to stoichiometry, were mixed by ball milling in isopropyl alcohol for 5 h. The slurry was dried and calcined in a covered alumina crucible at 850°C for 4 h and mixed by ball milling again for 5 h. Ceramic bodies were then formed by uniaxial pressure, and fired at between 1100°C and 1200°C for 2 h in a conventional electric furnace. The sintering process of the samples was performed in a Pb-rich atmosphere to avoid losses in the stoichiometry.
In order to confirm the nominal compositions, an inductively coupled plasma (ICP) atomic emission spectrometer (ICP-AES Simultaneous CCD-VISTA-MPX; Varian) with radial configuration was used for the chemical analysis of two samples. The ICP measurements were performed on the PZT and PBZT10 samples and the following molar fraction compositions were obtained: 1.001 for Pb, 0.401 for Zr, and 0.595 for Ti (PZT sample) and 0.895 for Pb, 0.095 for Ba, 0.411 for Zr, and 0.605 for Ti (PBZT10 sample). This shows that the sample compositions after sintering remain quite similar to the nominal compositions. These compositions were also confirmed by XRD Rietveld refinement [17] .
The titanium K-edge X-ray absorption spectra were collected at the LNLS (National Synchrotron Light Laboratory) facility using the D04B-XAS1 beamline. The LNLS storage ring was operated at 1.36 GeV and 100-160 mA. The sample pellets obtained after sintering were ground for the XAS measurements. The XAS data were collected at the Ti K-edge (4966 eV) in transmission mode at room temperature using a Si(1 1 1) channel-cut monochromator. Ionization chambers were used to detect the incident and transmitted flux. XANES spectra at the Ti K-edge were recorded for each sample between 4910 and 5200 eV using energy steps of 0.5 eV. To provide good energy reproducibility during XANES data collection, the energy calibration of the monochromator was checked during the collection of the sample data using a Ti metal foil. Titanium L II,III -edges and oxygen K-edge spectra were measured using the SGM beamline at the Canadian Light Source synchrotron facility. These XANES spectra (453 and 543 eV, respectively) were collected at room temperature in electron yield mode. Normalizations of the XANES spectra were performed using the Multi-Platform Applications for X-ray absorption (MAX) program [28] . The theoretical XANES spectra and projected density of states (DOS) were calculated using FEFF8.2 code [29] .
Results and discussion
In order to investigate the local order around a Ti atom, Ti Kedge XANES measurements were performed for the PBZT samples; the spectra are presented in Fig. 1 and its inset. The pre-edge region of the K-edge XANES spectra of some transition metal oxides is characterized by a pronounced feature, several volts before the main rising edge [21, 30, 31] . In transition metal oxides that crystallize in centrosymmetric structures, this pre-edge feature is very small or absent, whereas in non-centrosymmetric structures it can be quite large [21, 30, 31] .
The inset in Fig. 1 shows the transitions in the spectra, labeled A, B and C. According to the Vedrinskii et al. the physical origin of the pre-edge feature labeled A is due to quadrupolar transitions of t 2g -type molecular orbitals located in the absorption atom (Ti) [32] . These authors also show that B transitions are caused by hybridization of p-and d-symmetry states at the Ti atom under the influence of neighboring oxygen atoms. This takes place if the inversion symmetry is broken relative to the absorbing atom's instantaneous position [32] . Moreover, the high intensity of this transition is considered to be a qualitative spectroscopic indication of ferroelectricity in a perovskite structure crystal.
Peak B can be successfully used to determine the mean-square (static or dynamic) displacements of Ti atoms from the instantaneous centers of coordination polyhedrons [32] [33] [34] . The pre-edge feature labeled C in Fig. 1 has been shown to be caused by a Ti 1s electron transition to the unoccupied 3d-origin e g -type molecular orbital of TiO 6 polyhedra neighboring the absorbing Ti atoms, which are weakly affected by the core hole potential [32] . The area of the C peak presents no strong dependence on small displacements of the atoms from their sites in the cubic crystal lattice. However, it changes significantly when 4d atoms appear in the vicinity of the absorbing Ti atom, for instance, Zr atoms in the PZT solid solution [32] .
As shown in Fig. 1 , the intensity of peak B decreases as the Ba at.% increases, which means that a Ti atom moves to the center of a TiO 6 octahedron. Our previous structural study on Pb 1Àx Ba x Zr 0.65 Ti 0.35 O 3 (PBZT) samples (Zr-rich side) showed that this transition presents no variation in its intensity because, in that case, the Ti atoms are displaced in the [1 1 1] crystallographic direction due to the rhombohedral symmetry of these samples [35] . The PBZT samples of the present study exhibit a tetragonal symmetry and a Ti atom is displaced in the [0 0 1] direction and, for this reason, peak B decreases in intensity with increasing Ba content. Although previous XRD results have shown that a PBZT50 sample presents cubic symmetry at room temperature, the current XANES analysis shows that Ti atoms in this sample are also displaced from their centrosymmetric position [17] . Even though the intensity of B for this sample is smaller than in the PZT sample, it is high enough to indicate a displacement from the center of the TiO 6 octahedron, unexpected for PmÀ3m local symmetry [20] . This apparent disagreement between the XRD and XAS results, even in an ideal perovskite cubic structure in which the crystal retains its higher symmetry (PmÀ3m), indicates that atoms may move around their ideal position [20, 36] .
Differences in the local symmetries observed by the XAS and XRD techniques have also been observed by other authors. Sicron et al. reported results consistent with a cubic symmetry through the X-ray diffraction technique, but with a local tetragonal symmetry using the XAS technique in the PbTiO 3 compound studied above its Curie temperature [37] . XAS analyses at the Ti K-edge and Pb L III -edge showed a shift in the ideal position of the Ti and Pb atoms above the Curie temperature, whereas the Ti and Pb atoms occupy their ideal positions in the analysis by X-ray diffraction. Teslic and Egami [38, 39] also reported a discrepancy when they studied the local atomic structure of PbZr 1Àx Ti x O 3 , Pb(Mg 1/3 Nb 2/3 )O 3 and Pb 1Àx La x Zr y Ti 1Ày O 3 systems through X-ray diffraction and neutron scattering measurements. Their structural studies yield evidence of a slight local deviation from the crystallographic lattice periodicity and local chemical ordering. Finally, a similar apparent discrepancy between the XRD long range order and local symmetry was observed in BaTiO 3 phase transitions by Tsuda et al. using convergent beam electron diffraction [40] .
Thus, the apparent discrepancy between the results from XAS and from XRD can be explained in terms of the level of disorder that these techniques can detect. In XAS, the physical process involved in the absorption occurs on the order of 10 À15 s [37] . This time is less than the time scale of the changes in the system, enabling the observation of dynamic and fast disorder processes [37] . Regarding XRD, the lack of observation of the local distortion is related to the structural model used in the refinement of the Bragg peak intensities, a periodic pattern where local distortions are not taken into consideration [20] . As a result, XAS for allows a better visualization of local distortions than XRD, which provides information about the average structure [20] .
The area under peak B was calculated using a Lorentz function for the PLZT spectra, and the displacement of the Ti atom from the centrosymmetric position within the O octahedron was evaluated using an empirical relation [33, 41] . For polycrystalline perovskites, the off-center displacement d (static and/or dynamic) of the Ti atom from the center of the TiO 6 octahedron is related to the area A under the corresponding peak in the 1s-3d transition region by [21, 33, 41] .
where c is a proportionality constant measured for different perovskites. As can be observed in Fig. 2 , as the amount of Ba2+ increases, the displacement of the Ti atom from the centrosymmetric position within the O octahedron decreases continually up to 50 Ba at.%. However, a local distortion remains at all Ba concentrations in spite of the expected cubic crystal structure. In principle the Ti off-center displacement should be evaluated more precisely by an EXAFS refinement of the octahedron TiO 6 first shell EXAFS signal. However, the presence of the Ba LIII-edge 282 eV above the Ti K edge prohibits the use of EXAFS as a quantitative probe of the TiO 6 local distortion in this case. Theoretical calculations of the Ti K-edge XANES spectra, with either regular or distorted TiO 6 octahedra in samples similar to PLZT, have been published [42] [43] [44] . They confirm our experimental results.
Recent studies have described the importance of B atom displacement in the BO 6 octahedron in compositional phase transitions (as in the case of the incorporation of a Ba atom) between different ferroelectric phases, as well as the normal-to-relaxor ferroelectric transition [45, 46] . Larger B atom off-center displacements allow the overbonding of oxygen atoms to be alleviated by motion of the B atoms away from the O atom, tending to stabilize normal ferroelectric phases relative to relaxor or other disordered phases [46] . It also has been shown that the application of external pressure diminishes off-centering displacements [45, 47] . These effects induce relaxor behavior and greatly increase the frequency dispersion [46, 48] .
With respect to peak C in Fig. 1 , which is related to the second neighbors of a Ti atom, no significant variations in intensity or shape were detected with the addition of Ba. The absence of variations in this peak suggests no substitution at the B site of BO 6 octahedrons, because the Zr/Ti ratio was kept constant and the Ba atom preferably replaces the Pb atom, rather than the Ti atom [20] .
The transitions labeled D, E, F, G and H beyond the absorption edge are related to the electronic transitions and atomic structure of the second and third neighbors of the Ti atom within a distance of up to 8 Å from this atom [20, 43] . As the Ba content increases, the peak labeled D disappears and the E and F peaks become more broadened, mainly for the PBZT40 and 50 samples. The changes in this region can be attributed to the substitution of a large amount of Pb 2+ and Ba 2+ atoms or to the crystal structure changes induced by this substitution [43] . Fig. 3 presents the XANES spectra at the Ti L III,II -edges of the PBZT samples. In Fig. 3 , the PbTiO 3 XANES spectrum is also presented for comparison. Fig. 4 shows in more detail the features between 460 and 462 eV, which correspond to peak D in Fig. 3 after subtracting the background using two arctangent functions. The features labeled A and B are related to forbidden transitions in the L-S coupling (spin-orbit coupling) but become allowed due to the pd multipolar interactions [49] . Features C and D occur because, in the Ti L III -edge, the 3d band splits into two subbands: t 2g (peak C) and e g (peak D) [50] . The Ti 3d e g subband (D) splits into 3d x 2 Ày 2 and 3d z 2 orbitals that point to the four side-corners and the two apex O ions of the octahedron, respectively [50] . This implies that the variation in the Ti-O bond lengths due to the Ti off-center displacement has a direct effect on D. In contrast, the 3d xy , 3d yz , and 3d zx orbitals of the t 2g subband point in directions between the O ions, so C is not affected by the displacement of a Ti atom [50] . The crystal field at the L II -edge also splits the 3d band into t 2g and e g subbands and a similar splitting of the e g states in the F peak also occurs at the L II -edge. However, it is not well-resolved due to the lifetime-related broadening of the L II -edge [50] .
As can be seen in Figs. 3 and 4 , the splitting between the e g orbitals becomes less discernible as Zr and Ba atoms are added to the PbTiO 3 structure. This means that the degree of distortion of the TiO 6 octahedron is reduced as the concentration of Ba atoms increases, which agrees with the results at the Ti K-edge. Jan et al. attributed a similar behavior observed with the Pb 1Àx Ca x TiO 3 compound to the substitution of Ti by Ca atoms, which decreases the Ti displacement in relation to its centrosymmetric position [27] . On the other hand, this e g orbital splitting was not observed in the XANES spectra of Ba 1Àx Sr x TiO 3 (BST) compounds, and the peak labeled D was adjusted by a simple Gaussian function [51] . In that case, the absence of e g splitting was attributed to an insignificant tetragonal distortion or a lower c/a ratio, which means that the Ti atoms occupy the centrosymmetric positions of the TiO 6 octahedra [51] .
Even for compositions with higher concentrations of Ba, in which D is large and asymmetric, the adjustment considering just one peak could not be performed in the same region of the experimental spectra shown in Fig. 4 .
The origin of this splitting in the e g states is a controversial subject in the literature [27, 51, 52] . Recently, Kruger studied the Ti L II , III -edge spectra of SrTiO 3 and TiO 2 compounds [53] . According to this author, the distortion of TiO 6 octahedra is not a sufficient condition for L III -e g peak splitting, since there is no splitting for an isolated (distorted) TiO 6 octahedron. Moreover, he showed that in an ideal rutile made from an undistorted octahedral, splitting on the L III -e g peak can be observed and is comparable to the width of the splitting in a real rutile [53] . He concluded that the characteristic L III -e g peak splitting in TiO 2 is a long-range band-structure effect, which reflects the crystal structure of TiO 2 on a length scale of about 1 nm [53] .
Some studies have also shown that electronic properties of O atoms can provide more direct information about ferroelectric stability [27, 54] . Thus, the XANES spectra at the O K-edge of PBZT samples were measured and are presented in Figs. 5 and 6.
First, the O K-edge XANES spectra of the PbTiO 3 , PbZr 0.65 Ti 0.35 O 3 (PZT65/35) and PbZr 0.40 Ti 0.60 O 3 (PZT40/60) compounds were analyzed. These compounds were chosen to evaluate the influence of Zr addition on the PbTiO 3 electronic structure, and also how it can be correlated to the ferroelectric character of these samples.
As is shown in Fig. 5 , as Ti atoms are substituted by Zr atoms in PbTiO 3 (PZT samples) the intensity of A and C decreases, whereas In Fig. 7 , the theoretical O K-edge spectra of PBZT20 compounds obtained from the FEFF 8.2 code [29] are presented. The O K-edge XANES spectra were calculated in terms of a cluster derived from the average structure of the PBZT20 compound determined from previous XRD measurements [17] . Clusters with sizes of up to eight shells around the absorber (oxygen atom) were used. The calculation was performed with the default settings of the FEFF 8.2 code. Because of the symmetry of the tetragonal perovskite cell, oxygen atoms occupy two sites in the P4mm space group [17] . Thus, in Fig. 7 , two XANES spectra are shown which are relative to the neighborhood of oxygen atoms occupying positions ½, ½, 0 + d O(1) (denoted by O I ) and ½, 0, ½ + d O(2) (denoted by O II ). According to the XRD results obtained in our previous study [17] , d O(1) and d O(2) for PBZT20 are equal to 0.094(4) and 0.080(3), respectively. As can be observed on comparing Figs. 5-7, the XANES spectrum calculated from the O II oxygen reasonably reproduces the features A, B, C and D and the peaks positioned between 540 and 550 eV.
In order to better assign the different features observed in the O K-edge XANES spectra of the PBZT samples, we undertook ab initio quantum-theoretical calculations. Figs. 8 and 9 present the local density of states (s-, p-, d-and f-projected DOS) of the constituents oxygen, titanium, lead, zirconium and barium considering the O I and O II oxygen positions. The DOS calculations were developed under equivalent conditions to those used to calculate the theoretical XANES spectrum of the PBZT20 compound. We calculated the projected DOS of the PBZT20 sample to evaluate the local density contribution of states of all atoms, including barium atoms. The energy scale of the local DOS was as calculated by the FEFF 8.2 code, and the experimental XANES spectrum was then shifted to be aligned to the O 2p-projected DOS in order to compare the specific peak positions.
The features observed in the O K-edge XANES spectra are due to transitions from O 1s states to unoccupied O 2p states, which are hybridized with Ti 3d and 4sp, Zr 4d and Pb 6sp states [51] . As has been noted in the literature for similar perovskite ferroelectric compounds, the O 2p-projected DOS resembles the experimental O K-edge calculated XANES spectra of the PBZT20 sample [26, 51, 55] . Moreover, we observe that the first peak in the O p DOS between À7.0 and À2.0 eV coincides with the position of the maxima of Ti 3d DOS calculated from both the O I and O II oxygen positions, indicating that features A, B and C result mainly from the transitions of the O 1s orbital to antibonding O 2p states hybridized with Ti 3d orbitals. Note that in Figs. 8 and 9 the Ti 3d and Zr 4d DOS intensity is divided by 10 in order to compare the shape of the symmetry-projected DOS on a common intensity scale. We also observed a contribution of the hybridization between O 2p and Pb 6p and Zr 4d states [26, 51, 55] . Based on these calculations, we can also infer that peak D (which is not observed in the PbTiO 3 XANES spectrum; its intensity increases as the Ba content increases) arises mainly with O 2p hybridized with Ti 3d, Zr 4d and Ba 5d; peaks between 540 and 550 eV arise from a hybridization of O 2p with Ti 4spdf, Pb 6s/5d4f, and Zr 4spd states.
Based on these interpretations, the analysis of the XANES results shows that the addition of Zr atoms leads to a reduction in the number of unoccupied O 2p-Ti 3d states [51] . Regarding feature D, as it occurs due to hybridization of O 2p with Zr 4d states, it is only observed in PZT samples and its lower intensity is due to the effect of the weakening of the hybridization between the O p and Zr d states compared to the hybridization of O p states with Ti d states [56] . Concerning the effect on the electronic structure of PBZT caused by the addition of Ba to the PZT40/60 sample in substituting Pb atoms (Fig. 6 ) the intensity of feature B decreases whereas features A and C do not vary significantly. A decrease in the width of the feature between 540 and 545 eV and the reduction in the intensity of the peak between 547 and 553 eV are related to reduced hybridization of O 2p with Ti 4spdf, Pb 6s/5d4d or Zr 4spd states [ [51] . They explain this decrease in terms of the electronegativity of Sr (0.95), which is less than that of Pb (2.33) and causes charge transfer from Sr to Pb. Such a transfer reduces the positive charge of the Pb, weakening its attractive Coulomb potential and reducing the hybridization between the O 2p states and Pb 6sp [51] .
Thus, following these analyses, the addition of Ba, which has a lower electronegativity (0.89) than Pb (2.33), will cause a reduction in the hybridization between the O 2p states and Pb 6sp states. In the case of Zr addition to PbTiO 3 , the electronegativity of Zr (1.33) is less than that of Ti (1.54), explaining the decrease in the intensity of feature C (hybridization O 2p-Ti 3d) as well as the increase in the intensity of feature D (hybridization O 2p-Zr 4d).
Miyazawa et al. [54] studied the relation between the transition metals present at the B site and ferroelectricity for a series of ABO 3type perovskites with A = Pb, Ba and K and B = Ti, Zr, Nb, Ta and Hf. They showed that hybridization between the Pb 6p states and the O 2p states is crucial for large displacements and the high degree of ferroelectricity in PbTiO 3 . According to Cohen [47] , the hybridized states between Pb and O lead to a large deformation that stabilizes the tetragonal phase. Thus, the reduction in the degree of hybridization between the O 2p states and Pb 6sp states, as Ti atoms are substituted by Zr or when Pb atoms are replaced by Ba, could be directly related to changes in the ferroelectric behavior of PBZT.
When replacing Ti by Zr in PbTiO 3 , i.e. forming the PZT compound, it is well-known that, with respect to Zr concentration, PZT samples present normal ferroelectric behavior. As has been shown before, no variation was observed in the hybridization between O 2p and Pb 6sp states as the Zr concentration increased, which may be a characteristic of samples presenting normal ferroelectric behavior [47] .
As the concentration of Ba increases in PZT4060, the observation of a decrease in the hybridization between the states O 2p and Pb 6sp coincides with the PBZT sample in which ferroelectric relaxor behavior begins to be observed [17] . Thus, this effect can be directly related to a modification in the ferroelectric phase transition from normal to relaxor.
Conclusions
In this study, we performed XANES measurements to probe the local order of PBZT samples and to correlate the results with the ferroelectric properties of these materials. Ti K-edge XANES measurements showed that Ba incorporation into the PZT structure leads to diminished local distortion of the Ti atoms in relation to O atoms. Moreover, we observed a reduction in Ti displacement from TiO 6 centrosymmetric positions as the Ba concentration increased. Ti L III -edge XANES measurements for PBZT samples confirmed this statement. XANES spectra measured in the O K-edge revealed a reduction in the degree of hybridization between the O 2p states with the Pb 6sp states as the concentration of Ba increased in the PZT system, which coincided with relaxor behavior with a higher Ba content. However, no variation in hybridization between these states was observed when Zr atoms were added to PbTiO 3 . Unlike the PbZr 1Àx Ti x O 3 system, the BaZr 1Àx Ti x O 3 system presented relaxor behavior depending on the concentration of Zr. In this case, the interactions between the Ba and O atoms in BaTiO 3 were completely ionic, which means there was no hybridization between the states of these atoms. It has been shown that hybridization between O 2p and Pb 6sp states is crucial for large displacements of atoms and a high degree of ferroelectricity. Thus, the weakening of hybridization is related with the appearance of relaxor behavior.
